7
However, to do so would require a good understanding of the types of microbes which naturally 23 occur in these animals and the role they play in nutrition and health. 24
Several studies have used 16S rRNA gene data to characterise the microbial communities which 25 colonise the gastrointestinal tracts of chickens and to characterise the development of these 26 communities over time. The vast majority of these studies have focussed on the chicken caeca as 27 this is where the largest concentration of microbes can be found. The caecal microbiota has been 28 suggested to play an important role in nutrition via the production of short chain fatty acids, 29 nitrogen recycling and amino acid production [6] [7] [8] . In early life it is generally observed that the 30 caeca contain high abundances of Enterobacteriales [9, 10] and over the first few weeks of life these 31 decline and members of the Clostridiales come to predominate [9] [10] [11] [12] [13] [14] [15] [16] , with some studies also 32 showing a large increase in Bacteroidetes [12, 17, 18] . However, the results from some studies do 33 not entirely follow this pattern [19, 20] and variability in microbiota composition between flocks can 34 be high [21, 22] . Several studies have also examined samples from the small intestine which are less 35 rich and diverse than caecal samples and contain a high abundance of Lactobacilli [12, 14, 17, 18, 20, 36 23-25] . 37
Several studies have directly compared samples taken from the small intestine with those from the 38 caeca at specific timepoints [17, 18] , and at various life stages. Lu et al. compared ileal and caecal 39 samples from commercial Ross-hybrids, taking samples at day 1, 3, 7 14, 21, 28, and 49 days of age 40 [14] . A separate study examined ileal and caecal samples from Hy-Line W-36 commercial layers at 9 41 timepoints, starting at 1 week of age [20] . Ileal and caecal samples were also characterised at 42 various timepoints starting at 1 week of age by Johnson et al. in Cobb 500 birds [23] . 43
3 In this study we compare the bacterial microbiota of duodenal, jejunal, ileal and caecal samples of 44 Ross 308 broilers at 5 timepoints: 1 day, 3 days, 7 days, 14 days and 5 weeks of age. Similar to the 45 studies above, we find significant differences in the microbiota compositions of specific sample types 46 with age and significant differences between sample types within timepoints. 47
48

Results: 49
The V4 region of the 16S rRNA gene was amplified and sequenced, producing a total of 11,115,696 50 Enterococcus (0.10 ± 0.09). The composition of the mock community control can be found in 57 Additional file 3: tables 1 and 2. Prior to analysis, samples were subsampled to 10,000 reads; 35 58 samples were discarded as they had less than 10,000 reads, including all reagent only controls and 59 11 duodenum samples, 5 ileum samples and 4 jejunum samples from day 1. 2 jejunum samples from 60 5 weeks were also discarded. This resulted in only one duodenum sample from the day 1 timepoint 61 remaining. The lowest Good's coverage value for any of the remaining samples was 0.985, meaning 62 that at least 98.5% of the bacteria in these samples were identified. Samples were compared 63 statistically to see if there were differences in the microbiota between sample types at specific 64 timepoints and if there were changes in specific sample types at different timepoints (Figures 1 and  65 2). The number of OTUs shared between sample types within timepoints and between timepoints 66 within sample types can be found in Additional file 3: figures 1 and 2. Richness and diversity 67 measurements for each subsampled sample can be found in Additional file 3: table 3. 68 Between day 1 and day 3, a significant difference was observed in the microbiota composition of all 106 sample types (jejunum: P = 0.01, ileum: P = 0.03, caeca: P = 0.01) except duodenal, probably due to 107 the lack of duodenal samples at the day 1 timepoint. In caecal samples this correlates with a 108 decrease in the abundance of several OTUs including Otu0001 (Clostridium_sensu_stricto_1) and an 109 increase in several OTUs belonging to the order Clostridiales (Additional file 5). This significant 110 decrease in Otu0001 was also observed in duodenal, jejunal and ileal samples (Additional files 6-8). 111
Significant increases were found in caecal microbiota richness and ileal and caecal microbiota 112 diversity between these timepoints (Richness -caeca: P = 0.0011; Diversity -ileum: P = 0.023 caeca: 113 P = 0.0011) but not for duodenal or jejunal samples. 114
At day 3, caecal samples clustered significantly separately by PERMANOVA from all other sample 115 types (duodenum: P = 0.018, jejunum: P = 0.006, ileum: P = 0.024) (Figure 1) . Duodenal, jejunal and 116 ileal samples did not cluster significantly separately; however, a small number of OTUs were found 117 to be differently abundant (Additional file 9). The most common genera found in caecal samples 118
were Enterobacteriaceae_unclassified (0.24 ± 0.010), Lachnospiraceae_unclassified (0.19 ± 0.13), 119
Enterococcus (0.11 ± 0.058), Escherichia-Shigella (0.080 ± 0.087) and Lactobacillus (0.064 ± 0.033). 120
The most common genera found in ileal samples were Lactobacillus (0.47 ± 0.29), Enterococcus (0.34 121 ± 0.26) and Enterobacteriaceae_unclassified (0.063 ± 0.045). Duodenal and jejunal samples were 122 both dominated by two genera: Enterococcus (duodenum: 0.63 ± 0.23, jejunum: 0.34 ± 0.35) and 123
Lactobacillus (duodenum: 0.30 ± 0.24, jejunum: 0.61 ± 0.34). Caecal samples at day 3 were 124 significantly more diverse than other sample types (duodenum: P = 0.013, jejunum: P = 0.013, ileum: 125 P = 0.013) but were only significantly more rich than ileal (P = 0.026) and duodenal (P = 0.013) 126
samples. There was a significant difference in richness but not diversity between duodenal samples 127 and jejunal (richness: P = 0.013) and ileal samples (richness: P = 0.013); no significant differences in 128 richness or diversity were observed between jejunal and ileal samples. 129
Between day 3 and day 7, no significant differences could be observed in the microbiota 130 composition (PERMANOVA), diversity or richness of any sample type except for an increase in 131 richness in duodenum samples (P = 0.043) and an increase in diversity in caecal samples (P = 0.0433). 132
However, some significant changes in the abundance of specific OTUs were observed. 37 OTUs were 133 more abundant in day 7 caecal samples, the vast majority of which were members of the 134 Clostridiales (Additional file 5). There was also a significant increase in several members of the 135 Ruminococcaceae_unclassified (0.061 ± 0.036) and Bifidobacterium (0.060 ± 0.036). 182 A significant difference was found by PERMANOVA between caecal samples and duodenal (P = 0.04) 183 and ileal (P = 0.02) samples but not large intestine or jejunal samples (Figure 1) . The bacterial 184 community composition of large intestine samples was found to be significantly different to all other 185 sample types except the caeca (duodenum: P = 0.03, jejunum: P = 0.04, ileum: P = 0.04). This is 186 reflected in our Deseq analysis where no OTUs were found to be significantly differently abundant 187 between large intestine and caecal samples but many OTUs were differently abundant between the 188 large intestine and other sample types (Additional file 12). No significant differences by 189 PERMANOVA were observed between duodenal, jejunal and ileal samples, although several OTUs 190 were found to be significantly differently abundant (Additional file 12). Diversity and richness were 191 significantly higher in caecal samples than duodenal (P = 0.022) or ileal (P = 0.022) but not jejunal 192 samples, although this may be due to a lack of jejunal samples at this timepoint as two of the six 193 samples had to be discarded due to a lack of reads. 194 195
Discussion: 196
In this study we compared samples taken from the duodenum, jejunum, ileum and caeca of broiler 197 chickens at five timepoints from day of hatch to 5 weeks of age. Gaining an insight into how the 198 microbiota changes over time at specific sites in the small intestine may lead us to a better 199 understanding of the microbial ecology of the chicken gut. We found changes in community 200 composition, diversity and richness for all sample types over time. More specifically, we observed an 201 increase in the richness of microbial communities in all gut sections, and a general increase in 202 diversity except at the day 14 timepoint. While the succession of communities was different in each 203 section of the gut, we can broadly say that the intestinal microbiota of our chickens was initially 204 formed by a low diversity community of predominantly Clostridium_sensu_stricto_1 which 205 diversified over time to contain a far greater variety of Clostridiales, with smaller numbers of other 206 taxonomies. Samples taken from different locations within the small intestine were found to be 207 similar to one another, whereas in the majority of timepoints caecal samples clustered significantly 208 separately by composition from small intestinal samples. However, at several timepoints specific 209
OTUs were found to be significantly more abundant in certain small intestinal locations in 210 comparison to other sites, suggesting that there are differences between the microbial communities 211 across the small intestine and therefore a sample taken from one site should not be taken as 212
representative of the small intestine as a whole. 213
At the day 1 timepoint samples from the caeca and the small intestine were dominated by 214
Clostridium_sensu_stricto_1. The lack of diversity observed at this timepoint was expected as 215 previous studies have also shown that microbial communities in the chicken intestine in the first 216 days of life have little diversity and are usually dominated by either members of the 217
Enterobacteriaceae or the Clostridiaceae [9-11, 14, 15, 26] . It is possible that members of these 218 communities act as founding species for chicken gut microbial communities. It has been 219 demonstrated that these early life communities can have a significant impact on later microbiota 220 communities and bird phenotypes [10, 23] and it is therefore important to understand the origin of 221 these founder microbes and the impact they may have. We ran several reagent only controls alongside our samples. The most abundant genera in these 240 controls were also found in our samples: Clostridium_sensu_stricto_1, Lactobacillus, Enterococcus 241 and unclassified members of the Lachnospiraceae. It seems unlikely that the presence of these 242 bacteria is due to reagent contamination as they are common intestinal colonisers, unlike the skin 243 and environmental bacteria which tend to occur as contaminants in reagents [27] . Two possible 244 alternative explanations for the presence of these bacteria are index switching or cross-well 245 contamination [28, 29] . Due to the low numbers of reads seen in the negative controls, 246 contamination is unlikely to have driven any of the observed differences, though as always with 247 microbiota studies, our results should be interpreted with care. 248 249
Conclusions: 250
While there is high variability present between the microbiota of chickens in different trials [21] it 251 does seem as though there are taxonomies which are consistently present in the chicken gut [1] . 252 Sequences were removed if they were >275 bp in length, contained ambiguous bases, had 299 homopolymers of >9bp in length, did not align to the V4 region of the 16S rRNA gene or they did not 300 originate from bacteria. Chimeras were identified using UCHIME [34] and were removed. The SILVA 301 database [35] , trimmed to the V4 16S rRNA gene, was used for alignment and taxonomic 302 identification of sequences. Where the taxonomy of an OTU is labelled as ###_unclassified, this 303 indicates that the OTU was unable to be identified to that level of taxonomy and the ### indicates 304 19 the lowest taxonomy this OTU could be assigned to. OTUs were clustered by similarity using the 305 dist.seqs and cluster commands from within mothur, using the default parameters. 306
Richness and diversity were calculated within mothur. Community richness was measured using the 307 Chao 1 index. Community diversity was measured using the Inverse Simpson's Index. The following 308 analyses were performed in R (version 3.5. 
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